Objective: The aim of this study was to compare the soft tissue changes and post-treatment status after complete fixed functional appliance non-extraction and maxillary premolar extraction treatment in patients with Class II division 1 malocclusion. Materials/methods: The sample consisted of 96 lateral cephalograms of 48 patients, divided into two groups. Group 1 consisted of 23 patients treated with fixed functional appliance associated with fixed appliances, with initial and final mean ages of 12.71 and 15.16 years, respectively, mean treatment time of 2.44 years and initial mean overjet of 6.83 mm. Group 2 comprised 25 patients treated with extraction of two maxillary premolars with initial and final mean ages of 13.05 and 15.74 years, respectively, mean treatment time of 2.67 years and initial mean overjet of 7.01 mm. t-Tests were used to compare treatment changes and the final cephalometric statuses between the groups. Results: According to the results, there was no inter-group difference regarding the soft tissue changes and post-treatment status. Limitations: The use of exclusively one type of fixed functional appliance in group 1 and performance of only one type of mechanics during space closure in group 2 were not always possible. Conclusion: Late pubertal patients with Class II division 1 malocclusion treated with fixed functional appliances associated with fixed appliances present similar soft tissue results as two-maxillary premolar extraction treatments.
Introduction
Improvement in facial aesthetics has become an aspect of utmost importance in contemporary society and has been recognized as one of the major motivations for seeking orthodontic treatment (1) (2) (3) (4) . In pursuit of esthetic excellence, professionals are often faced with the need to predict soft tissue profile changes resulting from a variety of orthodontic devices and techniques for the correction of the same malocclusion, especially concerning the differences between treatment protocols with and without extractions (1) (2) (3) (5) (6) (7) (8) (9) (10) (11) (12) . This wide variety of options tends to cause concerns as to which method of treatment provides the most harmonious relationship among the components of the soft tissue profile.
There is strong evidence that extractions do not cause deleterious effects on the facial profile if a proper treatment planning, considering all patient features, is performed (1, 2, 4, 6, 8, 9) . Nevertheless, the assumption that extraction treatment can impair the facial European Journal of Orthodontics, 2018, 214-222 doi:10.1093/ejo/cjx053 Advance Access publication 21 July 2017 profile with excessive retrusion has discouraged this treatment protocol (3, 7, 10) . This controversy also applies to the treatment of Class II malocclusion. The claim that treatment with two-maxillary premolar extractions provides more upper lip retrusion makes many professionals elect the treatment without extractions.
It has been demonstrated that treatment of Class II division 1 malocclusion without extractions and with two-maxillary premolar extractions provide similar soft tissue results (4, 9, 12) . However, the protocol without extractions corrected the anteroposterior discrepancy primarily through maxillary teeth distalization whereas the group treated with two-maxillary premolar extractions corrected it through retraction of the anterior maxillary segment. In patients treated with fixed functional appliances associated with fixed appliances, the mechanism of Class II correction occurs not only by distalization the maxillary teeth and redirection of maxillary growth, but also by protrusion of the mandibular teeth and a relative anterior positioning of the mandible in relation to the maxilla (13) (14) (15) (16) (17) (18) (19) (20) . For this reason, one can speculate that treatment of Class II division 1 malocclusion with fixed functional appliances associated with fixed appliances, acting in both dental arches, might promote a different final facial profile, compared to a treatment protocol that acts only in the maxillary arch. However, there is limited evidence comparing these specific treatment protocols (16) . Thus, the purpose of this study was to evaluate the soft tissue changes and post-treatment statuses between Class II division 1 malocclusion patients treated with fixed functional appliance associated with fixed appliances and those treated with two-maxillary premolar extractions.
Materials and methods
This study was approved by the Ethics in Research Committee of Bauru Dental School, University of São Paulo, Brazil. A minimum sample size of 23 participants per group was proposed for 80% power at a significance level of 0.05 to demonstrate an inter-group post-treatment difference of 1.35 mm in the upper lip to SnPg′ line distance (UL-SnPg′), with a previously reported standard deviation of 1.59 (9) .
The sample was retrospectively selected from the files of the Orthodontic Department at Bauru Dental School, University of São Paulo, Brazil. Initial and final lateral cephalograms of 48 patients with at least bilateral ¾ Class II molar relationship (21, 22) were divided into two groups. Additional selection criteria included no agenesis, supernumerary or lost teeth, maxillary arches without crowding, mandibular arches with slight or no crowding at pretreatment and a Class I canine relationship at the post-treatment.
Group 1 consisted of 23 patients (13 boys, 10 girls) treated with fixed functional appliances associated with fixed appliances with initial and final mean ages of 12.71 and 15.16 years, respectively. The mean treatment time of fixed functional appliance was 0.72 years and the mean total treatment time was 2.44 years. This group had initial and final mean overjets of 6.83 and 2.29 mm, respectively. Ten patients presented with complete bilateral Class II malocclusion, seven patients presented with complete Class II on one side and ¾ Class II on the other and six patients presented with bilateral ¾ Class II malocclusion. The Jasper Jumper was used in 15 patients for a mean of 0.65 years and the mean total treatment time was 2.12 years. The mandibular anterior repositioning appliance (MARA) was used in six patients for a mean of 0.85 years and the mean total treatment time was 3.35 years. Forsus was used in two patients for a mean of 0.33 years and the mean total treatment time was 2.15 years. The treatment sequence of the Jasper Jumper and Forsus patients consisted of three treatment phases. treatment sequence included extracting the two maxillary first premolars and then leveling and aligning the maxillary and mandibular teeth, beginning with 0.016-inch nickel-titanium followed by 0.016, 0.018, and 0.020-inch stainless steel round archwires. Subsequently, the maxillary anterior teeth were retracted on a 0.018 × 0.025-inch rectangular archwire. The extraoral appliance was used to reinforce anchorage and maintain the Class II molar relationship. Ten patients used extraoral headgear alone and 15 patients used extraoral headgear with Class II intermaxillary elastics.
The lateral cephalograms were obtained in centric occlusion, with the lips at rest. The initial and final lateral headfilms were digitally traced using Dolphin Imaging Software Version 11.5 (Dolphin® Imaging and Management Solutions, Patterson Dental Supply, Inc., Chatsworth, California, USA). This software also corrected the magnification factors of the radiographic images that were between 6% and 9.8%. A total of 37 landmarks were defined on each cephalogram; 9 skeletal, 13 dental, and 10 soft tissue variables were measured ( Figure 1 and Table 1 ). Skeletal maturity was assessed by using the cervical vertebral maturation (CVM) method (23) .
Error study
Thirty-four cephalograms were randomly selected and remeasured by the same examiner. The random errors were calculated according to Dahlberg's formula (S 2 = Σd 2 /2n) (24) , and the systematic errors were evaluated with dependent t-tests (25), at P < 0.05. Intraobserver agreement for the CVM method was assessed with Kappa coefficient (26) .
Statistical analyses
Normal distribution was tested and confirmed with KolmogorovSmirnov tests.
Comparability of the groups regarding the initial and final ages, treatment times, and the initial and final overjets were evaluated with t-tests. Mann-Whitney test was used to compare the groups regarding the Class II malocclusion anteroposterior occlusal severity and the CVM indexes at the pre-and post-treatment stages. Chisquare test evaluated the inter-group sex distribution.
t-Tests were also used to compare the initial and final cephalometric characteristics and the treatment changes between the groups. Results Table 1 . Skeletal, dental, and soft tissue cephalometric variables. 
Results
The random errors ranged from 0.33 mm (UL-S line) to 0.64 mm (H-Pr) and from 0.87° (H.NB) to 1.46° (Nasolabial angle). Three of the 32 variables had significant systematic errors. Kappa coefficient was of 0.81, indicating substantial intraobserver agreement for the CVM method (26) . The groups were comparable regarding initial and final ages, treatment time, initial and final overjet, initial malocclusion severity, sex distribution, pre-and post-treatment CVM indexes and all the pretreatment cephalometric variables investigated (Figure 2 and Tables 2-4) .
During treatment, group 1 had significantly greater occlusal plane clockwise rotation (OP.SN) and maxillary incisors extrusion (Mx1-PP), smaller mesial movement of the maxillary first molar (Mx6-Svert), and greater labial tipping and protrusion of the mandibular incisors (Md1.NB, IMPA, Md1-NB) than group 2 (Table 5) .
At the post-treatment stage, group 1 had a significantly greater occlusal plane angle (OP.SN), smaller maxillary molar dentoalveolar height (Mx6-PP) and mesial positioning (Mx6-Svert), greater mandibular incisors labial tipping (Md1.NB, IMPA) and overbite than group 2 ( Figure 3 and Table 6 ).
Discussion
Ideally, the sample should include only patients with full cusp Class II malocclusions. However, to have strictly comparable initial morphologic characteristics between the groups, it was necessary to include patients with bilateral ¾ cusp Class II malocclusions because the functional appliance group did not have enough patients that presented with initial full cusp Class II malocclusions (Tables 2 to  4 ). However, the initial overjet was similar (9, 16) or even larger (16, 27) than the samples of other studies that evaluated the effects of Class II malocclusion non-extraction and with maxillary premolar extraction treatments in the soft tissue profile. The use of three different types of fixed functional appliances in group 1 should not interfere with the results, because regardless of the device, their overall mechanisms of action and general effects are similar (13) (14) (15) (16) (17) (18) (19) (20) . Obviously, there are small differences in the effects of the appliances (28). However, specific treatment effect comparisons with the different appliances in group 1 were not the focus of this study. The focus was only to investigate whether non-extraction treatment with functional followed by fixed appliances would produce different soft tissue changes when compared to treatment with two-maxillary premolar extractions.
One may criticize that due to the amount of variables compared between the groups, Bonferroni corrections (29) should have been used. However, this procedure would decrease the probability of detecting slight significant differences, which are very important in this comparison. Even without using it, no significant differences were detected in the primary variables under investigation. If it had been used, similar results in these variables would be obtained.
The slightly different skeletal and dentoalveolar treatment changes between the groups would be expected (17, 27) . There is a tendency for greater clockwise rotation of the occlusal plane during treatment with fixed functional appliances, as occurred (13, 14) ( Table 5 ). The maxillary incisors also tend to present greater vertical dentoalveolar development and the mandibular incisors tend to present labial tipping and protrusion due to the forces applied on these teeth with functional appliances (13-15, 17, 18) . On the other side, it is also obvious that maxillary molar mesial movement would be greater in the two-maxillary premolar extraction Group because the molars are not subjected to distalizing forces and could even mesialize in those patients that did not initially present full Class II malocclusions (9, 27, 30) . Besides, these teeth experience mesialization in relation to the Svert line, with normal growth (31). Nevertheless, these subtle different skeletal and dentoalveolar changes did not produce any significantly different soft tissue changes between the groups. These similar soft tissue changes would be expected (4, 7, 9, 11, 12, 27) because the changes in the anteroposterior apical base relationship and overjet were similar between the groups (17, 27) . The slightly different skeletal and dentoalveolar changes in the groups caused group 1 to present significantly greater occlusal plane inclination, smaller maxillary molar dentoalveolar height and mesial positioning in relation to Svert at the post-treatment stage (Table 6 ). The smaller dentoalveolar height might be consequent to the intrusive force exerted by the functional appliance on the maxillary molars, during treatment, which restricts their vertical development (16) . Because a distal force was applied to the molars in the functional appliance group, the molars were more distally positioned than those of the twomaxillary premolar extraction group, which were not subjected to distalization and that could even mesialize in some patients who did not initially present a full cusp Class II malocclusion (9, 27, 30) .
At the post-treatment stage, the mandibular incisors in group 1 presented a significantly greater labial tipping than group 2, consequent to the greater labial tipping presented during treatment as previously discussed (Table 6 ). Although the initial overbite was similar and there were no difference in overbite changes with treatment, the overbite was significantly smaller in group 2 probably because it is usually easier to be corrected in the two-maxillary premolar extraction protocol due to the small maxillary to mandibular mesiodistal tooth discrepancy that is created with this protocol (27, 32) . Again, these slight skeletal and dentoalveolar differences at the post-treatment stage did not produce significant differences in any soft tissue profile variable between the groups, demonstrating that both treatment protocols cause similar soft tissue results ( Figure 3 and Table 6 ).
Similar soft tissue results had been demonstrated in the comparison of Class II non-extraction treatment primarily by distalizing the maxillary teeth with treatment with two-maxillary premolar extractions (9, 27) . However, one could speculate that there could be differences when non-extraction treatment would be performed by fixed functional appliances. This study demonstrates that even in this situation, there are no differences in soft tissue changes with these different treatment protocols. Therefore, one should not be usually concerned in the treatment of a patient with two premolar extractions, when the alternatives with distalization of the maxillary teeth or with the use of fixed functional appliances could be used as well. The soft tissue changes would be similar. The results of this study differ from a previous study (16) , that found some differences when comparing soft tissue changes in Class II malocclusion patients treated with the Forsus appliance versus two-maxillary premolar extractions and retraction of the anterior teeth using temporary anchorage devices. However, the mentioned study (16) only evaluated the patients during 14 months, from the insertion of the Forsus appliance or beginning of en masse retractions until removal of the Forsus appliance or completion of en masse retraction. The different results observed could be consequent to the use of temporary anchorage devices and to the smaller observation period of their study.
One may consider that the initial Class II malocclusion severity between the groups was almost significant towards a greater severity for group 2, and that this would be a limitation of the study (Table 2) . Nevertheless, the general expectations would be that the group treated with two-maxillary premolar extractions would at least have a greater upper lip retrusion, in perfectly matched groups regarding the Class II anteroposterior discrepancy. This would be even more likely to happen if the occlusal Class II anteroposterior discrepancy was significantly greater in group 2. However, the results did not show any significant difference. Therefore, this 'almost significant' difference between the groups, regarding the Class II anteroposterior discrepancy, reinforces that actually there is no difference in soft tissue changes between the two treatment protocols. Besides, the initial overjets were very similar between the groups (Table 2) .
Another concern that one may have in using the two-maxillary premolar extraction protocols is regarding the smile aesthetics. Nevertheless, it has already been demonstrated that the extraction of two maxillary premolars does not negatively affects smile attractiveness (33) (34) (35) . Additionally, a recent systematic review found that there were no significant differences between groups treated with and without premolar extraction regarding the aesthethic outcomes and that the decision of premolar extraction could be beneficial in patients having lip protrusion (36) .
It can also be argued that non-extraction treatment of Class II malocclusion prevents extraction of healthy teeth. However, preserving the maxillary premolars may result in later extraction of the third molars (37) . Furthermore, premolar extraction surgery is usually easier and less expensive than maxillary third molar extraction (38) .
The results of this study helps in the decision for one of these protocols, considering other variables than changes in the soft tissue profile. Therefore, the decision between Class II malocclusion treatment with fixed functional appliances associated with fixed appliance or two-maxillary premolar extractions should be based on variables such as patient compliance, mandibular incisors tipping at pre-treatment, cost-benefit ratio, and orthodontist and patient treatment preferences. One should bear in mind that these considerations are applicable to patients with similar characteristics as the investigated groups. 
Limitations
This study has some limitations. Firstly, the use of three different types of fixed functional appliances in group 1. Evidently, there are small differences in the effects of the appliances (28) . Although their overall effects are similar (13) (14) (15) (16) (17) (18) (19) (20) , the use of only one type of fixed functional appliance would be ideal. Secondly, space closure in group 2 involved only anterior retraction or some anchorage loss (maxillary molar mesialization) associated with anterior retraction, depending on the presence of complete Class II or ¾ Class II molar relationships at pre-treatment. Despite the inclusion of some patients with initial ¾ Class II molar relationship would not interfere with the results because the overjet was similar in the groups, it would be ideal to include only patients with complete Class II malocclusion anteroposterior severity. Further studies with ideal sample compositions are necessary to confirm the current results.
Conclusion
Soft tissue changes and post-treatment status of Class II division 1 malocclusion treated with fixed functional appliances associated with fixed appliance and two maxillary premolars extraction are similar in late pubertal patients. 
